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Abstract-The systematic status of North Pacific sand lances (genus Ammodytes) was assessed from mitochondrial DNA (cytochrome oxidase c subunit 1) sequence data and morphological data to identify the number of species in the North Pacific Ocean and its fringing seas. Although only 2 species, Ammodytes hexapterus and A. personatus, have been considered valid in the region, haplotype networks and trees constructed with maximum parsimony and genetic distance (neighborjoining) methods revealed 4 highly divergent monophyletic clades that clearly represent 4 species of Ammodytes in the North Pacific region. On the basis of our material and comparisons with sequence data reported in online databases, A. personatus is found throughout the eastern North Pacific Ocean, Gulf of Alaska, Aleutian Islands, and the eastern Bering Sea where it co-occurs with a northwestern Arctic species, A. hexapterus, that is found throughout the North American Arctic from Hudson Bay, Canada, in the east, through the Beaufort and Chukchi seas, into the northern and western Bering Sea, and to the southern Sea of Okhotsk in the Soya Strait off Hokkaido, Japan. Two other species reside in waters around Japan: A. japonicus throughout the Sea of Japan and the Seto Inland Sea and a new species in the Sea of Japan and the North Pacific Ocean off northern Honshu. We designate neotypes for A. hexapterus and A. personatus because of the absence of type material and the close similarity of these 2 species. Ammodytes aleutensis is a junior synonym of A. japonicus, and A. alascanus is a junior synonym of A. personatus.
Sand lances of the genus Ammodytes (family Ammodytidae) are small silvery fishes that inhabit marine and adjacent brackish waters of the Northern Hemisphere. They reside primarily over sandy substrates, where they are able to quickly bury themselves to avoid predators, but are found also over bedrock, eelgrass, and kelp. Species of Ammodytes are cornerstone prey items for more than 100 species of marine mammals, birds, and other fishes in the region of the North Pacific Ocean (Field, 1988; Willson et al. 1 ). Despite their tremendous importance in ecosystems and as targets in fisheries off Japan (Hamada, 1985; Han et al., 2012) and in the North Sea (Sherman et al., 1981; Furness, 2002) , little is known about their distribution or life history.
The family Ammodytidae comprises about 31 species in 7 genera and 2 subfamilies found in the Arctic, Atlantic, Indian, and Pacific oceans (Nelson, 2006; Randall and Heemstra, 2008; Shibukawa and Ida, 2013; Randall and Ida, 2014) . Placed within the subfamily Ammodytinae, which also includes the genera Gymnammodytes and Hyperoplus, Ammodytes is diagnosed by the presence of scales deeply embedded in dermal plicae below the lateral line, a highly protrusible upper jaw (Pietsch, 1984) , and non-expanded neural and haemal spines on the caudal vertebrae (Ida et al., 1994) . Six species currently are recognized in the genus Ammodytes: 2 in the eastern North Atlantic Ocean (A. tobianus Linnaeus, 1758, and A. marinus Raitt, 1934) , 2 in the western North Atlantic Ocean (A. americanus DeKay, 1842, and A. dubius Reinhardt, 1837) , and 2 in the North Pacific Ocean (A. hexapterus Pallas, 1814, and A. personatus Girard, 1856) . All are very similar morphologically, having an elongate body up to 280 mm in total length, scales aligned in dermal plicae for the length of the body, long dorsal and anal fins, and no pelvic fins. Species generally are distinguished by meristic characters and relative body depth. We focus primarily on the sand lances of the North Pacific Ocean and adjacent seas for the purpose of clarifying their systematic status.
The first species recognized in this genus was collected from Sweden to the Mediterranean and described by Linnaeus (1758) as A. tobianus. Of 2 other names published in this genus in the early 1800s, A. alliciens Lacepède, 1800, was designated an unneeded replacement name for A. tobianus, and A. cicerelus Rafinesque, 1810 , was allocated to Gymnammodytes as a valid species (Eschmeyer, 2013) . In the North Pacific region, the first species described was A. hexapterus, from material collected or observed from off the Kamchatka Peninsula and Kuril Islands in Russia, the islands "between Asia and North America," and the coast of North America (Pallas, 1814; Lindberg, 1937) . Pallas (1814) compared it with the Atlantic species A. tobianus as described by Artedi (1738; Walbaum 1792) , noting that A. hexapterus had more numerous vertebrae.
In his work on fishes collected during the Pacific railroad surveys of the early 1800s, Girard (1856) described A. personatus from Cape Flattery, Washington. In 1873, Cope described A. alascanus from Sitka, Alaska, without comparing it with previously described species. Jordan (1906) referred all Ammodytes of the North Pacific region to Ammodytes personatus, including populations from Alaska to Monterey, California, and from Siberia to the Inland Sea of Japan. He made no comments on A. hexapterus and was uncertain about the status of A. alascanus, as well as of the northernmost populations of Ammodytes, suggesting that they may be referable to a circumboreal A. tobianus. Lindberg (1937) recognized differences between Ammodytes off the coast of Japan and species from more northern areas, referring these populations in Japan to A. personatus, although much later he and Krasyukova (Lindberg and Krasyukova, 1975) synonymized all nominal North Pacific species of Ammodytes under A. hexapterus.
The last 2 species to be described from the North Pacific region were Ammodytes aleutensis and A. japonicus of Duncker and Mohr (1939) . They recognized A. aleutensis to be widely distributed from Unalaska in the eastern Aleutian Islands to Hokkaido in northern Japan and Nagasaki in southern Japan and A. japonicus to be only from the type locality of Otaru (="Otaka"), Hokkaido, that also is included among the type localities of A. aleutensis. Duncker and Mohr (1939) distinguished A. japonicus from A. aleutensis on the basis of its fewer dorsal-fin rays and higher number of dermal plicae. In addition, they observed that, in their specimens of A. japonicus, the origin of the dorsal fin was farther posterior (posterior half versus middle of pectoral fin) and the ventrolateral fold was shorter (extending to mid-anal fin versus the posterior third of the anal fin and beyond). Although Andriashev (1954) noted the presence of significant variation among more southern forms and the need for additional taxonomic work, he recognized 2 species of Ammodytes across northern seas: A. tobianus in the Atlantic Ocean and A. hexapterus from the Barents Sea to the Baltic Sea. Within A. hexapterus, he recognized the subspecies A. hexapterus marinus from the Barents Sea to the Baltic Sea and A. hexapterus hexapterus in the North Pacific region.
The number of species of Ammodytes in waters off Japan has been in question for the last century. Ohshima (1950) examined the numbers of vertebrae in Ammodytes from 7 locations around Japan-in the Seto Inland Sea, southern and northern Japan on the Pacific Ocean side, the northern tip of Honshu, and the northcentral Kuril Islands-and found differences in vertebral numbers. Lindberg and Krasyukova (1975) noted confusion in use of the names A. hexapterus and A. personatus, as well as the uncertain status of A. aleutensis and A. japonicus, and proposed the synonymy of all northern Ammodytes within A. hexapterus, including those species in the western North Pacific region around Japan. Kitaguchi (1979) also examined meristic data and found that 2 species, which he identified as A. personatus and A. hexapterus, occurred together in the area around Wakkanai in the Soya Strait off northeastern Hokkaido. In their study of the life history characteristics of Ammodytes, Hashimoto and Kawasaki (1981) concluded that 2 populations were included in "A. personatus" collected from the Pacific Ocean coast of northern Japan (Tohoku district) on the basis of meristic and allozyme analyses. Later, Hashimoto (1984) expanded his study of meristics within Ammodytes, examining material from several localities around Japan, and concluded that 3 genetically independent but geographically overlapping subspecies were likely present around Japan.
No comprehensive genetic studies of sand lances of the North Pacific Ocean and surrounding seas have been conducted; however, several regional studies have been published. An allozyme study compared populations around Japan with one sample from Kodiak Island, Alaska, and described 3 non-interbreeding groups that were living sympatrically around Japan; none of these groups were genetically similar to the Kodiak population (Okamoto, 1989) . In recent studies where the mitochondrial DNA (mtDNA) control region and 16s ribosomal RNA (rRNA) were examined (Kim et al., 2006) and where mtDNA cytochrome oxidase c subunit 1 (COI) was used to identify larvae, Kim et al. (2006 Kim et al. ( , 2008 Kim et al. ( , 2010 proposed that at least 2 species of sand lances were present in material from around Korea and Japan. Han et al. (2012) examined the population structure of Ammodytes in waters off Japan and determined that 2 lineages resulted from the past isolation of the Sea of Japan from neighboring seas-a separation that was facilitated by current flows and temperature barriers. Mecklenburg et al. (2011) used evidence from COI to suggest that 2 species were among specimens collected in Alaska: 1 species (A. hexapterus) in the Bering and Chukchi seas and 1 species in the Gulf of Alaska ("likely ...
A. personatus").
Most recently, Turanov and Kartavtsev (2014) combined sequence data from 7 specimens collected in the Bering and Okhotsk seas with 34 samples taken from the online data source GenBank (www.ncbi.nlm.nih.gov) and concluded that 4 species are present in the North Pacific region.
Two names are now considered valid in the region of the North Pacific Ocean, with A. hexapterus applied to populations in the eastern North Pacific Ocean, Bering Sea, Chukchi Sea, Sea of Okhotsk, and Sea of Japan (Miller and Lea, 1972; Hart, 1973; Mecklenburg et al., 2002; Hatooka, 2013) and A. personatus recognized in the western North Pacific Ocean, southern Sea of Okhotsk, and Sea of Japan (e.g. Ida, 1984; Hatooka, 2000 Hatooka, , 2002 Hatooka, , 2013 . As a result of this study, we revise the genus Ammodytes in the North Pacific region, on the basis of an examination of genetic variation at the COI gene and morphological variation in specimens collected throughout nearly the entire range of the genus in the North Pacific region: from California to Puget Sound, the Gulf of Alaska, the Bering and Chukchi seas, Sea of Okhotsk, Sea of Japan, Seto Inland Sea, and the Pacific coast of Japan.
Materials and methods
Whole samples of Ammodytes were obtained from archival collections and collected over the 13 years from 2000 to 2013, from the eastern and western coastlines of the North Pacific Ocean and its fringing seas from latitudes of 40°N to 70°N (Table 1 ; Fig. 1 ; Appdx. 1). Additional samples of Atlantic species were obtained from the eastern and western North Atlantic Ocean for comparison. Specimens with known preservation histories from archival collections had been fixed in 10% formalin and preserved in 70% ethanol or 45% isopropanol. For freshly collected specimens obtained for genetic analyses, tissues were fixed and preserved in 95% ethanol, and whole specimens were then fixed in 10% formalin and preserved in 70% ethanol. Institutional abbreviations are listed in Leviton et al. (1985) .
Genetics
DNA was extracted and purified from more than 498 tissue samples with a Qiagen 2 (Valencia, CA) DNeasy Blood & Tissue Kit. Primers were developed for the flanking regions of the COI gene of the mitochondrial DNA from a consensus of 21 DNA sequences obtained from GenBank (FJ666901-FJ666921). Primers used to sequence DNA were F: 5′CTCCTGCAGGGTCAAAGAAG and R: 5′GGCACCCTTTATCTAGTATT, resulting in a 638 base-pair (bp) fragment of the COI region. The fragment was amplified by polymerase chain reaction (PCR) in a 50-µL reaction volume containing 1X GoTaq Buffer (Promega Corp., Madison, WI), 2.5 mM MgCl 2 , 0.2 mM of each dNTP, 0.2 µM each of forward and reverse primer, 1 unit of GoTaq, 10 ng DNA, and deionized water. Thermal cycling conditions were as follows: 95°C for 2 min; 30 cycles of 95°C for 40 s, 55°C for 40 s, and 72°C for 1 min; 72°C for 7 min; and 4°C indefinitely. Forward sequences were obtained from the PCR product by the Sanger sequencing method. Sequences were aligned and edited with the software program CodonCode Aligner, vers. 3.7.1 (CodonCode Corp., Dedham, MA). Ambiguous end regions, particularly on the 3′ end of the sequences, were aggressively trimmed to 560 bp in length to achieve the maximum number of high-quality sequences.
The following genetic indices were calculated in Arlequin, vers. 3.5 (Excoffier and Lischer, 2010 ): number of haplotypes (H), number of polymorphic sites (S), haplotype diversity (h), and average nucleotide diversity (p). For the purpose of examining phylogenetic relationships within the genus Ammodytes, the data were supplemented with 15 samples representing 4 species of Ammodytes from the Atlantic Ocean and a DNA sequence from Uranoscopus oligolepis from GenBank (FJ237962) to use as an out-group for phylogenetic analysis.
The number of nucleotide differences between sequences was visually represented by a haplotype network (minimum spanning tree) created with the program Sneato, vers. 2 (Wooding, 2004 ; http://user.xmission.com/~wooding/Sneato/). Phylogenetic relationships among unique mtDNA haplotypes were evaluated with the program MEGA 6 (Tamura et al., 2013) , wherein trees were constructed with maximum parsimony (MP) (Nei and Kumar, 2000) , maximum likelihood (ML) (Tamura and Nei, 1993) , and neighbor-joining (NJ) methods (Saitou and Nei, 1987 ; by using the distance algorithm of Tamura and Nei, 1993) . Support for nodes of the 3 trees was evaluated with 1000 bootstrap replicates (Felsenstein, 1985) . Branches with >95% bootstrap support were collapsed into consensus sequences, which were used to create summary trees.
Analyses of the number of substitutions per site between all unique sequences were examined with the Tamura-Nei model (1993) and included mean divergence and range of divergence between each species pair, as well as ranges of divergence within each species. Because divergences between the sequences were large, all sequences, including those of the Atlantic specimens and the Uranoscopus sequence, were analyzed for substitution saturation of the mitochondrial COI sequence by using Xia's method (Xia et al., 2003) in DAMBE, vers. 5.3.109 (Xia, 2013) .
Morphology
Counts of median-fin rays and internal features were taken from radiographs; other counts were taken from the left side and supplemented with right-side counts when the left side was damaged. Counts of dorsal-fin rays were made according to the method of Nizinski et al. (1990) and began with the first visible ray and excluded the 1 or 2 anterior rayless pterygiophores, and these counts included the last 2 rays that were each supported by a pterygiophore. Counts of anal-fin rays included all visible rays, the last 2 rays each supported by a pterygiophore. Anterior anal-fin pterygiophores were anterior to the first pterygiophore supported by the first haemal spine and did not include the anteriormost 1 or 2 rayless pterygiophores. Pectoral-fin ray counts did not include the rudimentary ventralmost ray. Pigmented pectoral-fin rays were the dorsalmost rays with evident melanophores and, because pigment appears consistently with development, counts of these rays are presented for specimens larger than 100 mm in standard length (SL) only. Gill rakers of the lower arch included the raker at the junction between upper and lower parts of the arch. Dermal plicae included those anterior and posterior to the lateral-line pores.
When these plicae were incomplete or not aligned in parallel rows, counts were supplemented from the right side. The first caudal vertebra was defined as the first centrum with a long haemal spine, and the centrum fused to the hypural plate was counted as the last vertebra. Unless indicated otherwise, SL was used throughout this study, always measured from the tip of the snout. Measurements were taken according to the methods of Hubbs and Lagler (1958) , with these additions: the length of the prepectoral process (a flap-like axillary process at the dorsal base of the pectoral fin) was measured from the dorsal base of the pectoral fin to the tip of the process, and prepectoral length was measured from the same point on the pectoral-fin base to the snout tip. Measurements and counts are presented in species descriptions as the range for all material examined, followed by the value for the holotype, lectotype, or neotype in parentheses, when intraspecific variation is indicated. Statistical analyses were performed with Statgraphics Centurion XV, vers. 15.2 (StatPoint Tech- Russia Alaska nologies Inc., Warrenton, VA), Spotfire S+ 8.2 (TIBCO Software Inc., Palo Alto, CA), and SPSS 11.5.1 (IBM, Armonk, NY). Using the Bonferroni method to adjust for multiple comparisons, we considered differences significant at P<0.05. More than 600 specimens were examined morphologically for meristic and morphometric data or for meristic data only. For all specimens identified genetically or by geographic range, meristic frequency distributions are presented. A reduced data set of 214 genetically identified specimens that had a complete suite of meristic and morphometric character data was used to conduct both univariate and multivariate analyses. Arcsine-transformed morphometric ratios (with SL as denominator) were tested to meet the assumptions of normality and equality of variance required for analysis of covariance (ANCOVA). A Kruskal-Wallis nonparametric test was used to test for differences in all characters with heterogenetic variances. Differences were considered significant at P<0.001. A stepwise discriminant function analysis was conducted with morphometric and meristic data to establish the relative significance of characters in distinguishing the species and to identify specimens preserved in formalin without tissues available for genetic identification. Morphometric data were standardized by dividing values by SL. The robustness of the discriminant function analysis was tested with a leave-one-out cross-validation procedure conducted in SPSS 11.5.1. Allometry was evaluated by plotting each measurement divided by head length (HL) against SL.
Results

Genetics
In the 560-bp COI sequences, 152 haplotypes were identified at 176 polymorphic sites, with no insertions or deletions. Seven monophyletic clades emerged from the sequence analysis of Pacific and Atlantic specimens. Each clade included many singleton haplotypes and up to 4-bp differences radiating from a common haplotype (Fig. 2) .
Four clades within the North Pacific region were represented in the haplotype network of Ammodytes (Fig.  2) . We refer to these clades as A. personatus (range: throughout the eastern North Pacific Ocean from Cali- (Fig. 1) . Only 3 clades of Atlantic species emerged from the analyses; specimens identified morphologically as A. dubius or A. americanus as defined by Nizinski et al. (1990) were homogenous at the COI gene (as also noted by McCusker et al., 2013) . Ammodytes marinus was closely related to A. hexapterus, differing by up to 10 bp. At 8 of these sites, however, A. marinus appeared to be heteroplastic or otherwise ambiguous. These results indicate that further investigation of Ammodytes of the North Atlantic Ocean is warranted.
Differentiation between clades within the North Pacific region ranged from 15 to 32 nucleotide polymorphisms. Ammodytes personatus differed from A. hexapterus by a minimum of 2.7% (15 of 560 bp), from A. japonicus by 5.7%, and from the new species by 4.3%. Percent divergence between A. hexapterus and A. japonicus was 6.4% and between A. hexapterus and the new species, 4.8%. The percent divergence between the 2 species in Japan, A. japonicus and the new species, was 6.4%. Sequence divergences, corrected for saturation, between each species pair were similar and are reported in Table 2 . The index of substitution saturation was significantly below both the symmetrical and asymmetrical critical values (P=0.000) for all tests, indicating little evidence for substitution saturation within the COI DNA sequences among Ammodytes or between out-groups.
In all genetic analyses, 4 monophyletic and highly divergent groupings among Pacific specimens were observed, representing 4 distinct species in the region of the North Pacific Ocean. Bootstrap support of the phylogenetic results was high (95-99%) for all species clades (Fig. 3) . Summaries of the variation in the groupings within the phylogenetic trees, by method, are represented by trees of consensus sequences of each highly supported species clade (Fig. 4) . These phylogenetic resolutions differed only in the position of A. personatus as sister of the A. dubius and A. americanus clade or sister of the A. hexapterus and A. marinus clade. The low bootstrap values indicate that neither of these resolutions is well supported by these data. Intraspecific variation differed within the 4 clades ( Table  3 ). The 2 clades representing A. japonicus and the new species displayed the highest levels of gene diversity (0.50 and 0.53), followed by a high level of diversity within A. personatus (0.31), which exhibited 3 secondary nodes of haplotypes. Specimens within these secondary branches were not geographically related (Fig.  3) . Ammodytes hexapterus was nearly monomorphic, with a low level of genetic diversity (0.04): only 6 single transitions were detected in 143 individuals.
All COI sequences reported in GenBank and the Barcode of Life Database (BOLD) for Ammodytes of the North Pacific region were aligned in CodonCode Aligner. Each sequence clearly corresponded with 1 of the 4 species described in this article (Table 4) .
Morphology
Meristic characters Among meristic characters of specimens identified genetically and with a complete suite of morphological characters, only counts of total gill rakers, lateral-line pores, dermal plicae, and pectoralfin rays met variance assumptions necessary to conduct an ANCOVA (Table 5 ). Counts of gill rakers differed between A. japonicus, A. hexapterus, and A. personatus; counts in the new species and A. personatus did not differ significantly from each other, but each had sig- Table 2 Genetic distance calculated in MEGA 6 (Tamura et al., 2013) with the Tamura and Nei (1993) hexapterus. Counts of lateral-line pores differed significantly among all species: A. personatus had the lowest counts, followed by A. hexapterus, A. japonicus, and the new species with higher counts. Pectoral-fin rays differed significantly only in the new species, which had significantly higher counts than all other species. All other meristic characters violated the equality of variance assumption required for ANOVA and were tested by using the nonparametric Kruskal-Wallis test. With the exception of gill rakers of the lower arch and caudal-fin rays, all characters were significantly different between 2 or more species (Table 5) . Importantly, the new species exhibited higher counts of anal-fin rays and anterior anal-fin pterygiophores. Meristic character frequencies are presented in Tables 6-8 .
Morphometric characters Among morphometric characters of specimens identified genetically and with a complete suite of morphological characters, only caudal peduncle depth, caudal peduncle length, preanal length, and anal-fin base length met variance assumptions necessary to conduct an ANCOVA (Table 5 ). The caudal peduncle was significantly deeper in A. personatus than in A. hexapterus and the new species (which were not significantly different from each other), as well as in A. japonicus, in which this character was significantly more slender than it was in all other species. The caudal peduncle was also longer in A. hexapterus and A. personatus (which were not significantly different from each other) than in the new species and A. japonicus, in which it was shorter than it was in all other species. The preanal length was significantly longer in A. personatus and was significantly shorter in the new species than in all other species. The anal-fin base was significantly longer in A. japonicus, followed by the new species, A. hexapterus, and A. personatus.
Other characters were tested with the Kruskal-Wallis
Figure 3
Neighbor-joining tree of unique haplotypes among species of the genus Ammodytes, with Uranoscopus as the outgroup taxon. Each haplotype is labeled by major geographic area of collection. See Table 1 for more detailed position data for locations. Numbers on branches indicate bootstrap support.
test and, with the exception of gill raker length, all differed significantly between 2 or more species (Table  5) . Most significantly, the new species had a smaller orbit, wider interorbital space, and longer prepectoral process than all other species, and A. personatus had a shorter preanal length than all other species (Table 5 ). All species exhibited ontogenetic allometry in orbit size and pectoral-fin length: the orbit was proportionately longer and deeper and the pectoral fin was longer in smaller individuals. In A. japonicus alone, gill rakers were proportionally longer in smaller individuals.
Discriminant function analysis All 3 discriminant functions obtained in this analysis were significant (Wilks's lambda; P<0.0001). All specimens of the 2 species of Ammodytes of the eastern and northern parts of the North Pacific Ocean (A. personatus and A. hexapterus)
were distinguished from specimens of the 2 species of Ammodytes found only in waters off Japan (A. japonicus and the new species) on the first discriminant axis (Fig. 5 ). Scores were calculated from the following first discriminant function equation: where D1=the first discriminant score of an individual; od=orbit depth divided by HL; iow=interorbital width divided by HL; pb=pectoral-fin base depth divided by HL; pl=pectoral fin length divided by HL; cpvl=caudal peduncle ventral length divided by HL; pdl=predorsal length divided by HL; ppl=prepectoral length divided by HL; gr=the number of gill rakers on the entire gill arch; llp=the number of lateral-line pores; dp=the number of dermal plicae; ap=the number of anal-fin pterygiophores anterior to the first haemal spine; pcv=the number of precaudal vertebrae; and cv=the number of caudal vertebrae. A specimen with a score above 0 was identified as an individual of an eastern or northern Pacific species (either A. personatus or A. hexapterus); scores below 0 indicated the specimen was a species of Japan (either A. japonicus or the new species).
On the second discriminant axis, all but 3 specimens of A. japonicus and the new species were distinguished from each other (95.0%; Fig. 5 ). Three specimens identified genetically as A. japonicus were misclassified as the new species (Fig. 5) . Among individuals identified as A. personatus or A. hexapterus, 98.6% were distinguished from each other, the exceptions being a specimen genetically identified as A. personatus and misclassified as A. hexapterus and 2 specimens genetically identified as A. hexapterus but misclassified as A. personatus. Scores on the second discriminant axis were calculated with the second discriminant function equation: where D2=the first discriminant score of an individual; od=orbit depth divided by HL; iow=interorbital width divided by HL; pb=pectoral-fin base depth divided by HL; pl=pectoral fin length divided by HL; cpvl=caudal peduncle ventral length divided by HL; pdl=predorsal length divided by HL; ppl=prepectoral length divided by HL; gr=the number of gill rakers on the entire gill arch; llp=the number of lateral-line pores; dp=the number of dermal plicae; ap=the number of anal-fin pterygiophores anterior to the first haemal spine; pcv=the number of precaudal vertebrae; and cv=the number of caudal vertebrae. Most specimens with a score above 0 were identified as either A. hexapterus or A. japonicus; scores below 0
Figure 4
Trees of consensus haplotypes of species of Ammodytes, with Uranoscopus as the out-group taxon: (A) most parsimonious tree; (B) maximum likelihood tree; and (C) neighbor-joining tree. Numbers on branches indicate bootstrap support. Table 5 Proportional morphometric and meristic characters of species of Ammodytes of the North Pacific region, based on genetically identified specimens for which all of both types of data were collected. Standard length (SL) and head length are given in millimeters. Morphometric data are given in percent SL and presented as the range, followed by the mean and standard deviation (SD Table 6 Counts of dorsal-fin rays, anal-fin rays, anterior anal-fin pterygiophores, pectoral-fin rays, pigmented pectoral-fin rays, and caudal-fin rays in species of Ammodytes of the North Pacific region. Pigmented pectoral-fin rays are reported only for specimens larger than 100 mm in standard length. Dorsal-fin rays 56-63 (59). Anal-fin rays 27-33 (30), 7-14 (9) pterygiophores anterior to first caudal vertebra. Pectoral-fin rays 13-16 (15), rays 2-6 (4) pigmented. Total vertebrae 65-72 (68), precaudal vertebrae 40-47 (44), caudal vertebrae 21-27 (24).
Distribution
On the basis of material examined, we determined that Ammodytes hexapterus ranges from the Soya Strait off Wakkanai, Hokkaido, Japan, through the Sea of Okhotsk, the western and northeastern Bering Sea, and into the Chukchi Sea (Fig. 1) . In the eastern Bering Sea, its range overlaps with that of A. personatus south to Norton Sound, the Pribilof Islands, Kuskokwim Bay, Figure 5 Plot of scores from stepwise discriminant function analysis of morphometric and meristic characters for species of Ammodytes of the North Pacific region.
Discriminant function 1
Discriminant function 2 and Unimak Pass (Fig. 1) . Published sequences in GenBank indicate A. hexapterus is also distributed in the Beaufort Sea and Hudson Bay, Canada (Table 4) .
Etymology
The specific name hexapterus is derived from hex meaning "six" and aptera literally meaning "without wings," likely referring to the lack of pelvic fins in this species. We propose the common name "Arctic sand lance," replacing the name "Pacific sand lance," which we assign to A. personatus, to more properly reflect its distribution.
Remarks
No type material is extant for Ammodytes hexapterus (Svetovidov, 1978 (Svetovidov, , 1981 . Because of the close morphological similarity but distinct genetic signature of species of Ammodytes, we, therefore, designate UAM 2813 from the Chukchi Sea as the neotype. Among species of Ammodytes, only A. hexapterus is known from the Chukchi Sea. The species was described originally from material obtained at uncertain locations during Russian expeditions into the Bering and Chukchi seas.
Duncker and Mohr (1939) Dorsal-fin rays 56-66 (58). Anal-fin rays 25-33 (27), 7-13 (9) pterygiophores anterior to first caudal vertebrae. Pectoral-fin rays 13-16 (14) , rays 3-7 (3) pigmented. Total vertebrae 65-73 (69), precaudal vertebrae 40-47 (44), caudal vertebrae 21-27 (25).
Distribution
On the basis of material examined, we determined that Ammodytes personatus ranges from California to the Gulf of Alaska, west to Attu Island in the Aleutian Islands, and north to Norton Sound in the northeastern Bering Sea (Fig. 1) . In the eastern Bering Sea, its range overlaps with that of A. hexapterus in Norton Sound, the Pribilof Islands, Kuskokwim Bay, and Unimak Pass (Fig. 1) . Ammodytes personatus (as A. hexapterus) has been reported also from as far south as Balboa Island in Southern California (Love et al., 2005) . Unpublished sequence data of Turanov and Kartavtsev (2014) suggest that A personatus may range from Bering Island into the Sea of Okhotsk, a conclusion that will require further analysis of specimens from these areas.
Etymology
The specific name personatus is derived from the Latin personata meaning "masked," perhaps referring to a dark area on the head found in a few specimens. The author's intent is uncertain, as the derivation of the name was not specified in the original description and type material is missing. Because most specimens do not have a masked appearance, we chose the common name of "Pacific sand lance." Although this common name has been assigned previously to A. hexapterus (Nelson et al., 2004; Page et al., 2013) , and the name has been applied to all eastern populations of the North Pacific region, A. hexapterus as now recognized is known in the Pacific Ocean only around the Kuril Islands, unlike A. personatus, which is found in the Pacific Ocean from the western Aleutian Islands to California.
Remarks
No type material is extant for Ammodytes personatus. Girard (1856) Dorsal-fin rays 50-60 (51). Anal-fin rays 26-33 (30), 7-12 (9) pterygiophores anterior to first caudal vertebra. Pectoral-fin rays 13-17 (15), rays 4-11 pigmented. Total vertebrae 59-66 (63), precaudal vertebrae 36-43 (39), caudal vertebrae 21-28 (24) .
Distribution
On the basis of material examined, we determined that Ammodytes japonicus ranges from the southern Sea of Okhotsk through the Sea of Japan into the Seto Inland Sea and the Pacific Ocean off the southern part of Japan (Fig. 1) . In the southern Sea of Okhotsk, its range overlaps with that of A. hexapterus and the new species in the Soya Strait off Wakkanai, Hokkaido (Fig. 1) . Data of Okamoto (1989) , Kim et al. (2006 Kim et al. ( , 2008 Kim et al. ( , 2010 , Han et al. (2012) , and published sequences in GenBank indicate that A. japonicus also ranges to Kyushu, the East China Sea, the Yellow Sea, and the Pacific Ocean side of northern Japan, where its range overlaps with that of the new species (Table 4) .
Etymology
The specific name japonicus is the Latinized adjectival form of Japan, meaning "of Japan."
Remarks
We consider Ammodytes aleutensis to be a junior synonym of A. japonicus. In their original description, Duncker and Mohr (1939) included material from Unalaska Island, concluding erroneously that the species ranged throughout the Aleutian Islands. Meristic characters serve to identify those specimens as either A. personatus or A. hexapterus, and only A. personatus is recorded from the Aleutian Islands. Otherwise, all characters of the lectotype and other paralectotypes were well within the range of our genetically identified material for A. japonicus. Duncker and Mohr (1939) distinguished A. japonicus from A. aleutensis on the basis of meristic characters, as well as the position of the dorsal-fin origin (posterior to the center of the pectoral fin in A. aleutensis versus at the posterior end of the pectoral fin in A. japonicus), the posterior extension of the ventrolateral ridge (posterior to the second third of the anal fin and becoming reduced farther posterior versus extending posterior to the center of the anal fin). We find no differences among these morphometric characters in our material or in the pertinent type material examined.
The lectotype and 1 paralectoype of A. aleutensis and 1 lot of paralectoypes of A. japonicus (designated by Ladiges et al., 1958) were collected from "Otaka," according to Duncker and Mohr (1939) . We were unable to find a place with that name in Japan. However, in examining material at ZMH, we found that the original label for ZMH 143 (originally 13708) had been misinterpreted and should have been recorded as "Otaru," a town on the western coast of Hokkaido. Dorsal-fin rays 55-60 (56). Anal-fin rays 30-33 (31), 10-13 (12) pterygiophores anterior to first caudal vertebra. Pectoral-fin rays 14-17 (15), rays 4-10 (7) pigmented. Total vertebrae 63-67 (64), precaudal vertebrae 39-43 (42), caudal vertebrae 22-25 (22).
Ammodytes heian
Distribution
On the basis of material examined, we determined that Ammodytes heian n. sp. ranges from the southern Sea of Okhotsk to the Pacific Ocean off the northern part of Japan (Fig. 1) . In the southern Sea of Okhotsk, its range overlaps with that of A. hexapterus and A. japonicus in the Soya Strait off Wakkanai, Hokkaido (Fig. 1) . Published sequences in GenBank (FJ666915, FJ666916) indicate that A. heian n. sp. also is found in the Sea of Japan (Table 4) .
Etymology
The specific name heian is a transliteration of the Japanese word for "peace." The holotype and paratypes were collected from waters off Fukushima and Iwate prefectures, before the earthquake and tsunami of March 2011.
Remarks
Early surveys of vertebral counts in Ammodytes by Kawamura (1940) , Ohshima (1950) , and Hashimoto and Kawasaki (1981) around Japan revealed significant variation in different regions. Populations from off Onagawa on the northeastern Pacific coast and in Moura Bay at the northern tip of Honshu (Ohshima, 1950, table 6, 61-66) are clearly different from populations in the Sea of Japan and farther south along the Pacific coast and match our data for A. heian n. sp. (Tables 5 and 7) . Two populations examined by Hashimoto and Kawasaki (1981) had significantly different vertebral counts, as well as differences in life history characteristics. In a more comprehensive work, Hashimoto (1984) surveyed additional meristic characters, classifying populations around Japan into 3 groups: a northern group ("I";=A. hexapterus) found in Japan only in Soya Strait; a northcentral group ("II";=A. heian n. sp.) found on the northeastern Pacific Ocean side of Honshu and in the Sea of Japan from Tottori to the Soya Strait; and a southcentral group ("III";=A. japonicus) found in the southern Sea of Japan, on the southcentral side of Honshu in the Pacific Ocean, and in the Seto Inland Sea.
Genetic research has consistently shown strong heterogeneity among populations around Japan (all originally identified as A. personatus), whether they are strictly considered as one species or potentially as more than one. Distributions of allozyme genotypes presented by Okamoto (1989) revealed 3 genetically isolated groups in Japan concordant with our results: a northern Japan group (likely representing A. heian n. sp., on the basis of the distribution of our material), a southern Japan group (=A. japonicus), a Kushiro and Wakkanai group (=A. hexapterus); also shown was a fourth group from Kodiak, Alaska (=A. personatus). Later work by Kim et al. (2006 Kim et al. ( , 2008 Kim et al. ( , 2010 with mtDNA also revealed genetic differences among populations around Korea. Through comparisons between our sequence data and data in GenBank and BOLD, we identified 2 individuals of A. heian n. sp. from the Sea of Japan in the material of Kim et al. (2006 Kim et al. ( , 2008 Kim et al. ( , 2010  Han et al. (2012) found 2 lineages around Japan and in the Yellow Sea on the basis of analysis of the mitochondrial control region, concluding that further study with nuclear DNA markers is needed to clarify their taxonomic status. However, the morphological and COI sequence differences disclosed here as well as the isozyme analysis of Hashimoto and Kawasaki (1981) strongly support the conclusion that the lineages represent 2 species. Lineage A appears to represent A. heian n. sp., and Lineage B, A. japonicus.
Discussion
Our primary objective was to taxonomically revise the genus Ammodytes in the North Pacific Ocean and its fringing seas by examining morphological and mtDNA variation. Morphological and genetic analyses show that the genus Ammodytes comprises 4 species in the North Pacific region: Ammodytes personatus, ranging from California to the Aleutian Islands and eastern Bering Sea; A. hexapterus, ranging from the Hudson Bay in the east, through the Chukchi and Bering seas, to the western Pacific region in the Sea of Okhotsk and to Soya Strait between Hokkaido and Sakhalin islands; A. japonicus, found in the Sea of Japan, the Seto Inland Sea, the Pacific Ocean side of southern Honshu, and the Yellow Sea; and a new species, A. heian, herein described and found on the Pacific Ocean side of northern Honshu, in the Soya Strait, and in the Sea of Japan.
Although clearly distinct genetically, some species are morphologically similar to one another and, despite significant differences found among several characters, only combinations of morphometric and meristic characters serve to distinguish the species from one another. The species of the eastern or northern areas of the North Pacific region (A. personatus and A. hexapterus), together, can readily be distinguished from the species of the western North Pacific region (A. japonicus and A. heian n. sp.) on the basis of vertebral counts, but species within these pairs are nearly indistinguishable morphologically. To add to the challenge of species identification, ranges of A. personatus and A. hexapterus overlap in the northern Bering Sea, and A. japonicus and A. heian n. sp. were found together in our Soya Strait material; data from other authors strongly indicate that the latter 2 species are also found together in the Sea of Japan (Hashimoto, 1984; Kim et al., 2006 Kim et al., , 2008 Kim et al., , 2010 Han et al., 2012) .
The distribution of each species generally corresponds well with general zoogeographic regions (Fig.  1) . Ammodytes personatus exhibits an Aleutian-Oregonian distribution (Allen and Smith, 1988; Briggs, 1995; Logerwell et al., 2005) and is found in the eastern North Pacific Ocean from California to the Gulf of Alaska, the Aleutian Islands, and into the eastern Bering Sea, where to the north it is found sympatri-cally with A. hexapterus. Ammodytes hexapterus exhibits an Arctic-Kuril distribution (Allen and Smith, 1988; Briggs, 1995; Logerwell et al., 2005) , extending from the southern Sea of Okhotsk in the Soya Strait to the western Bering Sea, the northeastern Bering Sea, and into the Chukchi Sea. It may be a circum-Arctic species; sequence data in GenBank indicates that its range extends at least to the Beaufort Sea and Hudson Bay (Table 4) . Ammodytes japonicus exhibits a distribution that encompasses the Sea of Japan and the Central Kuroshio Current area (Spalding et al., 2007) , and this species is found on both coasts of Japan, in the Soya Strait, in the Sea of Japan, in the Seto Inland Sea, in the Yellow and East China seas (Kim et al., 2006 (Kim et al., , 2008 (Kim et al., , 2010 , and on the southern Pacific coast of Japan. Ammodytes heian exhibits a distribution that consists of the northern Sea of Japan and northeastern Honshu (Spalding et al., 2007) , having been found in the Soya Strait and on the northeastern Pacific coast of Japan.
A collection in the Soya Strait at Wakkanai, Japan, contained 3 species: A. hexapterus A. japonicus, and A. heian n. sp. This distributional pattern is similar to the one based on allozyme data of Okamoto (1989) , who found 3 "genetically distinct" groups around Japan, including 2 in the Soya Strait: a southern species ranging from Kyushu and the Seto Inland Sea to Sendai Bay (=A. japonicus), a more northern species from Iwate Prefecture to the northern Sea of Japan and Soya Strait (=A. heian n. sp.), and a third species on the Pacific Ocean side of Hokkaido off Kushiro and Soya Strait (=A. hexapterus). This strong geographic pattern may indicate that present-day, large-scale movement of sand lances is limited.
The genetic information presented in this article is meant to support the morphological data and describe the species of Ammodytes in the North Pacific region. It is not meant to provide a complete phylogenetic reconstruction of the genus Ammodytes. A productive look at phylogeny will require a more detailed study of Ammodytes of the Atlantic Ocean, as well as other members of the group. Although each clade of species is robust, the relationships among the Atlantic species are weak, as indicated by the low bootstrap branch support and alternative positions of A. personatus among Atlantic species in phylogenetic trees (Figs. 3 and 4) . Additionally, Tajima D values (Tajima, 1989) indicate that the COI gene is likely under selection in Ammodytes.
Because selection can obscure phylogenetic patterns and because no literature is available to suggest a mutation rate in species of Ammodytes, we are reluctant to provide estimates of times of divergence between these species. Ammodytes hexapterus is nearly homogenous at COI and, because bottlenecks decrease molecular diversity, was likely derived from a founder population followed by rapid expansion, as indicated by the broad range over which it is homogenous. The lack of genetic divergence across haplotypes is typical for marine fishes that have experienced fluctuations in population size (Grant and Bowen, 1998) . More information about the Atlantic species, and members of other genera, may allow for a more robust examination of phylogeny in Ammodytes.
Our taxonomic revision of the sand lances of the genus Ammodytes in the North Pacific region resulted in the recognition of 4 species: A. hexapterus, A. personatus, A. japonicus, and the new species A. heian. Only 2 species, with a confused nomenclature, have been recognized as valid for the past several decades. Without a clear knowledge of the number of species present in the area, each with its unique life history and biology, the contributions of this genus to the ecosystem will be inadequately understood and successful management of these species will be impossible.
This study underscores the importance of increasing our knowledge of forage species. As scientists move to manage marine resources with an ecosystem-based approach, species at the base of the food web should be examined at least as rigorously as species of commercial interest. In this study, we uncovered aspects of the evolutionary history of the genus Ammodytes and its current-day isolation into 4 species in the ecosystem of the North Pacific Ocean and surrounding seas. Ecosystem models would benefit from further studies of the population structure within each species, as well as studies of the unusual life history of these sand-and water-dwelling species.
